Coexistent Carotid And Coronary Disease -- the Problem
======================================================

Severe carotid, vertebral or subclavian stenosis is found in 16.6% of patients with 3-vessel coronary artery disease (CAD) \[[@b1-medscimonit-17-8-ra191]\], whereas multivessel coronary disease and significant carotid stenosis only coexists in 2.8--22% of patients undergoing coronary artery bypass grafting (CABG) \[[@b2-medscimonit-17-8-ra191],[@b3-medscimonit-17-8-ra191]\]. The frequency of carotid artery disease (stenosis \>50%) increases from 5% in patients with 1-vessel CAD up to 40% in patients with left main coronary artery stenosis \[[@b4-medscimonit-17-8-ra191]\]. On the other hand, among patients who underwent elective carotid stenting, concomitant CAD is found in 66% \[[@b5-medscimonit-17-8-ra191]\] -- 77% \[[@b6-medscimonit-17-8-ra191]\] of cases. The majority of these patients required coronary revascularization, either percutaneous coronary intervention (PCI) or CABG (7%), and the rest were treated conservatively, while the others (16%) already had a history of coronary revascularization \[[@b6-medscimonit-17-8-ra191]\]. Severe coronary disease is found in up to 37% of carotid endarterectomy (CEA) patients \[[@b7-medscimonit-17-8-ra191]\], and myocardial infarction (MI) is the most common cause of death after CEA \[[@b7-medscimonit-17-8-ra191],[@b8-medscimonit-17-8-ra191]\].

The risk of stroke associated with cardiac surgery is estimated at about 2% in patients without significant (\<50%) carotid stenosis and it increases with the severity of carotid disease \[[@b9-medscimonit-17-8-ra191]\]. The risk doubles in patients with unilateral carotid stenosis (50--99%), triples in those with bilateral carotid stenosis, and increases to almost 12% in patients with unilateral occlusion \[[@b9-medscimonit-17-8-ra191]\]. The stroke risk during CABG increases with age and rises to 9% in patients above age 80 \[[@b9-medscimonit-17-8-ra191]\]; in the elderly the CABG-associated mortality reaches 13% \[[@b10-medscimonit-17-8-ra191]\]. Another independent risk factor for neurological complications associated with CABG is female sex; the risk of neurological complications might be 1.6-fold higher for women than for men \[[@b11-medscimonit-17-8-ra191]\].

Another important issue is that about 60% of strokes associated with cardiac surgery are of embolic origin \[[@b12-medscimonit-17-8-ra191]\] as determined from examination of material from carotid plaques, aortic arch and ascending aorta (most probably mobilized during aortic clamping). In addition, systemic hypotension during on-pump CABG, combined with stenoses of extracranial arteries, may lead to brain hypoperfusion, which is responsible for 8.8% of strokes \[[@b12-medscimonit-17-8-ra191]\].

How to Treat a Patient with Severe Coronary and Carotid Disease?
================================================================

Concomitant carotid and coronary disease is a common problem and an important risk factor of CABG-associated stroke. The optimal treatment strategy in coexistent severe carotid and coronary disease remains undefined, and this is reflected in the guidelines on CABG \[[@b13-medscimonit-17-8-ra191]\], carotid endarterectomy (CEA) \[[@b14-medscimonit-17-8-ra191]\] and carotid artery stenting (CAS) \[[@b15-medscimonit-17-8-ra191],[@b16-medscimonit-17-8-ra191]\].

CEA and CABG: the Data
======================

CEA and CABG can be performed either at one stage (synchronous/simultaneous CEA-CABG) or as a staged (two-staged) procedure with CEA preceding CABG or CABG preceding CEA. In addition, CABG performed off-pump may have advantages in context of required carotid revascularization.

Current surgical guidelines \[[@b13-medscimonit-17-8-ra191]\] indicate that CEA is usually recommended before or concomitant with CABG in patients with a symptomatic carotid stenosis or asymptomatic carotid stenosis of 80% or more (Class IIa/C) \[[@b13-medscimonit-17-8-ra191]\], and it is recommend that the revascularization strategy should be based on the individual risk profile of each patient \[[@b14-medscimonit-17-8-ra191]\].

The risk of stroke associated with synchronous CEA and CABG is twice (3.9% *vs.* 1.7%) that of isolated CABG (without coexistent carotid disease) \[[@b17-medscimonit-17-8-ra191]\].

A systematic review of 97 studies in 8972 patients treated with CEA and CABG (years 1972--2002) revealed that the risk of stroke or death is highest when both procedures are performed simultaneously (8.7%) and lowest when these procedures are staged (6.1%). However, the risk of myocardial infarction is highest in staged procedures, estimated at 6.5%. In the analyzed studies, no matter whether the procedures (CEA and CABG) were synchronous or staged, the overall rate of stroke, death or MI was 10.2--11.5% at 30 days \[[@b18-medscimonit-17-8-ra191]\]. CEA and OPCAB seem to be associated with the lowest complication rate (3.6%) of stroke, MI and death at 30-day observation \[[@b19-medscimonit-17-8-ra191]\].

These results indicate the clinical need for alternative (safer) revascularization methods for patients with coexistent severe carotid and coronary disease. As far as carotid revascularization alone is concerned, CAS with use of neuroprotection system devices (NPDs) seems to be a safe and effective alternative to CEA, especially for high surgical risk patients \[[@b20-medscimonit-17-8-ra191]\]. CAS and CEA have similar short- and long-term outcomes \[[@b21-medscimonit-17-8-ra191]\].

CAS and CABG: the Data
======================

CEA/CAS guidelines \[[@b14-medscimonit-17-8-ra191],[@b15-medscimonit-17-8-ra191]\] are unclear about the role of carotid artery stenting prior to CABG; it remains to be shown whether CAS could be the therapy of choice for patients with coronary and carotid artery disease when treated simultaneously\[[@b14-medscimonit-17-8-ra191]\]. This is indicated as an option for patients in whom CABG can be deferred for 4--5 weeks (because of clopidogrel therapy after CAS) \[[@b15-medscimonit-17-8-ra191]\]. Clopidogrel should be withdrawn 5--7 days before CABG. Dual antiplatelet therapy: acetylsalicylic acid (continued lifelong) and clopidogrel is recommended for at least 4 weeks and preferably 3 months after CAS, because of the stent endothelization, which takes 28--96 days \[[@b14-medscimonit-17-8-ra191]--[@b16-medscimonit-17-8-ra191]\].

Recently published guidelines \[[@b16-medscimonit-17-8-ra191]\] recommend that revascularization, either by CEA or CAS with embolic protection, is a reasonable procedure for use before or concurrent with CABG in symptomatic patients with carotid stenosis \>80% (Class IIa/C), but the need for simultaneous or staged carotid and coronary revascularization in asymptomatic patients remains to be proven (Class IIb/C).

Two possible hybrid revascularization strategies are staged CAS-CABG (1^st^ stage CAS and then CABG in at least 5 weeks, [Figures 1](#f1-medscimonit-17-8-ra191){ref-type="fig"}, [2](#f2-medscimonit-17-8-ra191){ref-type="fig"}), and simultaneous 1-stage CAS-CABG (CAS and then CABG on the same day, [Figures 3](#f3-medscimonit-17-8-ra191){ref-type="fig"}--[6](#f6-medscimonit-17-8-ra191){ref-type="fig"}).

In a single-center registry of staged CAS-CABG including 356 neurologically asymptomatic patients, the overall rate of death, stroke and myocardial infarction was 6.7% at 30 days after CABG \[[@b22-medscimonit-17-8-ra191]\]. In the waiting period (mean 22 days) between CAS and CABG, there were 1 major stroke (intracranial hemorrhage), 4 (1.1%) ipsilateral minor strokes, and 8 (2.2%) transient ischemic attacks (TIA). The cardiac complication rate was 2.3%: 1 cardiac death (0.3%), 2 (0.6%) MIs, and 5 (1.4%) episodes of unstable angina. In this study \[[@b22-medscimonit-17-8-ra191]\] NPDs were used in only 40% of cases.

A meta-analysis of 11 studies including 760 patients (356 from a single center) \[[@b23-medscimonit-17-8-ra191]\], who were mainly (87%) asymptomatic revealed a 30-day outcome of 9.4% (death, stroke and myocardial infarction) for staged CAS-CABG (both on- and off-pump procedures); not significantly different from synchronous or staged surgical strategies (10.2--11.5%) \[[@b18-medscimonit-17-8-ra191]\]. The period between CAS and CABG ranged between 2 and 70 days in studies included in the meta-analysis \[[@b23-medscimonit-17-8-ra191]\]. The overall 30-day outcome (from CAS to 30 days after CABG) suggests that this form of hybrid revascularization might be a viable alternative to CEA-CABG because it provides similar safety profiles to 'conventional' surgical strategies. CAS combined with CABG could assume a much greater role in the treatment of patients with coexistent carotid and coronary disease due to its less invasive nature \[[@b23-medscimonit-17-8-ra191]\]. Nevertheless, CAS patients undergoing CABG are suspected to be at increased risk of bleeding complications because of dual antiplatelet therapy (acetylsalicylic acid indefinitely and clopidogrel for at least a month after CAS). The studies included in the meta-analysis \[[@b23-medscimonit-17-8-ra191]\] were heterogeneous in terms of antiplatelet regimen (different timing of dual antiplatelet therapy: aspirin+ clopidogrel or aspirin+ticlopidine or additional GPIIbIIIa infusion, clopidogrel was either stopped prior to CABG or continued during CABG) \[[@b23-medscimonit-17-8-ra191]\]. However, in this meta-analysis \[[@b23-medscimonit-17-8-ra191]\] only 7 major bleedings (0.9%) in 760 patients (1 intracranial hemorrhage, 4 chest bleedings, 1 cardiac tamponade, 1 groin hemorrhage) were reported. In the analyzed studies the NPDs were not routinely used; this might have overestimated the stroke rate. In another observation of 20 patients undergoing CAS before CABG, the time interval between procedures ranged from 1--62 days, and antiplatelet strategies were different; on long-term observation only 1 stroke occurred (677 days after procedure), and no deaths or myocardial infarcts were noted \[[@b24-medscimonit-17-8-ra191]\].

In the SHARP study \[[@b25-medscimonit-17-8-ra191]\], in 4 high-volume centers, 101 consecutive patients with severe coronary and carotid disease underwent simultaneous CAS and CABG. The 30-day cumulative incidence of stroke, MI or death was 4%: 2 patients (2%) had stroke immediately after CAS before CABG, and another 2 patients died (2%) in the post-operative period. A further 3 patients died between the 31^st^ day and the 12^th^ month after the procedure. The very first observation \[[@b26-medscimonit-17-8-ra191]\] (during years 1995--2005) of simultaneous CAS -- CABG (including redo-CABG procedures in 10% of patients) performed in a group of 30 extremely high surgical risk patients indicated that the in-hospital rate for stroke and death of 10% \[[@b26-medscimonit-17-8-ra191]\] and myocardial infarction of 3% \[[@b26-medscimonit-17-8-ra191]\] was comparable to the cumulative outcome of simultaneous surgical strategy (11.5%) derived from the meta-analysis of CEA-CABG \[[@b18-medscimonit-17-8-ra191]\]. In another registries of simultaneous CAS -- CABG performed within 1 day, the 30-day complication rate of 1.4--4.5% \[[@b27-medscimonit-17-8-ra191],[@b28-medscimonit-17-8-ra191]\] ([Table 1](#t1-medscimonit-17-8-ra191){ref-type="table"}) was even lower. These initial results of simultaneous hybrid CAS-CABG indicate that this form of revascularization might be associated with the lowest event rate in comparison with the surgical approach or staged CAS-CABG.

Another possible method to reduce neurological complications during simultaneous hybrid procedures is the combination of CAS with OPCAB. In the analyzed studies, OPCAB was performed in 13--17% of simultaneous CAS -- CABG procedures \[[@b27-medscimonit-17-8-ra191]--[@b29-medscimonit-17-8-ra191]\]; in the largest patient series, the SHARP study \[[@b25-medscimonit-17-8-ra191]\], all procedures were on-pump. OPCAB can reduce complications associated with aortic clamping (embolization risk) and extracorporeal circulation (blood pressure drops, cardioplegia, hemodynamic instability, systemic inflammatory response and clotting disorders) \[[@b30-medscimonit-17-8-ra191],[@b31-medscimonit-17-8-ra191]\], but it is more technically demanding, which is probably why it is still performed less frequently. OPCAB patients, in comparison with those undergoing CABG, seem to have lower stroke rate (1.0% *vs.* 2.4%, p\<0.01), stroke related mortality (0.1% *vs.* 0.9%, p\<0.01), and lower myocardial infarction rate (1.6% *vs.* 3.0%, p\<0.01) \[[@b30-medscimonit-17-8-ra191]\]. Moreover, OPCAB showed better outcomes among high surgical risk and elderly patients, faster postoperative recovery, lower mortality rate, and shorter post-operative in-hospital stay compared to CABG \[[@b30-medscimonit-17-8-ra191]--[@b32-medscimonit-17-8-ra191]\]. As simultaneous CEA and OPCAB is associated with a low MI, stroke and death rate of 3.6% \[[@b19-medscimonit-17-8-ra191]\], similarly, 1-stage CAS and OPCAB could be associated with a low outcome, but this strategy has not yet been evaluated in larger studies.

The surgical approach and a hybrid revascularization are hard to compare because of the lack of evidence from randomized trials and patient selection in registries, depending on individual risk profile, lesion morphology in coronary and carotid arteries, and co-morbidities.

In the registry of 27,084 concurrent carotid revascularizations and CABGs performed during the same hospitalization over a 5-year period \[[@b33-medscimonit-17-8-ra191]\], 96.7% of patients were treated with CEA-CABG, whereas only 3.3% (887) had CAS-CABG. Patients undergoing CAS-CABG had significantly lower rates of postoperative stroke (2.4% *vs.* 3.9%, p\<0.001) \[[@b33-medscimonit-17-8-ra191]\] and slightly lower rates of combined stroke and death (6.9 *vs.* 8.6%, p=0.1) \[[@b33-medscimonit-17-8-ra191]\] compared with patients who underwent CEA-CABG; however, in-hospital death rates were similar for both strategies (5.2% *vs.* 5.4%, respectively) \[[@b33-medscimonit-17-8-ra191]\]. The results of this study \[[@b33-medscimonit-17-8-ra191]\] indicate that asymptomatic patients who undergo CAS-CABG have a lower stroke rate compared with those undergoing CEA-CABG, but have similar in-hospital mortality; furthermore, according to this observation, CAS-CABG may be an alternative strategy in high-risk asymptomatic patients. Finally, this study suggests that the role of CAS-CABG is still unclear in symptomatic patients (the group of symptomatic patients undergoing CAS-CABG was very small and NPD usage rate was not reported, with a possible effect on the incidence of periprocedural stroke). Another limitation of this study is that the authors did not asses MI rate after CAS-CABG *vs.* CEA-CABG.

Our initial experience with 21 patients treated with hybrid revascularization (CAS-CABG) includes 8 with simultaneous CAS-CABG and 13 with a staged CAS-CABG ([Table 2](#t2-medscimonit-17-8-ra191){ref-type="table"}). No major adverse events (death, stroke, MI) at 30-day observation were observed. All CAS procedures were performed using NPDs (either proximal or distal) and stent type (closed/open-cell stent) according to the 'tailored' CAS algorithm \[[@b5-medscimonit-17-8-ra191]\]. The procedures were performed in a high-volume endovascular and surgical center performing over 200 CASs and over 1400 CABGs per year.

Discussion
==========

In patients with significant asymptomatic carotid stenosis of 80% or symptomatic carotid stenosis of 50% and coexistent multivessel coronary artery disease, several therapeutic options exist. Considering the patient risk profile, lesion morphology and symptom status, either surgical strategy or hybrid CAS-CABG revascularization may be considered. CEA-CABG (staged or synchronous) is associated with an event rate of 10.2--11.5% at 30-day observation (MI/stoke/death) \[[@b16-medscimonit-17-8-ra191]\]. The outcome of staged CAS-CABG appears comparable to CEA-CABG (cumulative risk of stroke/death/myocardial infarction of 9.4%) \[[@b23-medscimonit-17-8-ra191]\] and in experienced centers the complication rate can be even lower 6.5% \[[@b22-medscimonit-17-8-ra191]\]. Based on this data, staged CAS-CABG might be a feasible alternative to 'conventional' surgical strategy or might even be an option associated with lower complication rate. A novel simultaneous 1-stage CAS-CABG seems to be associated with the lowest event rate of all therapeutic methods. Further development of CAS, especially the strategy of fitting neuroprotection and stent type to the lesion morphology, stenosis severity and symptom status ('tailored CAS') \[[@b5-medscimonit-17-8-ra191]\], may lead to a reduction in peri- and post-procedural event rates. However, in published studies on staged or synchronous CAS-CABG \[[@b22-medscimonit-17-8-ra191]--[@b29-medscimonit-17-8-ra191]\], distal NPD was the only system device used during CAS procedure (in all SHARP study patients, but only 40% of 356 staged CAS-CABG patients) \[[@b25-medscimonit-17-8-ra191],[@b22-medscimonit-17-8-ra191]\]. Usage of NPD (either proximal or distal) in all cases, as well as off-pump cardiac surgery ("aorta no touch" technique) could probably minimize neurological complications of CABG.

The main goal of performing carotid revascularization before cardiac surgery is stroke prevention or at least reduction of the stroke rate, as stroke remains the major noncardiac complication of CABG. \[[@b34-medscimonit-17-8-ra191]\] After successful carotid revascularization (by CAS) the incidence of any stroke after CABG decreases to 2.2% \[[@b35-medscimonit-17-8-ra191]\], which is the 'usual' stroke risk associated with CABG without coexistent carotid disease.

With the presently available, limited, evidence, it is hard to compare the surgical and hybrid strategies due to the heterogeneity of patients included in the reported groups. An ideal randomized trial should compare isolated CABG with CAS-CABG and CEA-CABG both in symptomatic and asymptomatic patients \[[@b34-medscimonit-17-8-ra191]\], but such a study is unlikely to ever be conducted. A recent report included over 650 patients divided in 3 groups: surgical (CEA-CABG), endovascular (CAS and PCI), and hybrid (CAS-CABG) revascularization, but the patient characteristics were not comparable \[[@b36-medscimonit-17-8-ra191]\]. Because of this heterogeneity (anatomic severity of disease and symptom status) the outcome of the endovascular strategy (CAS and 1-vessel PCI) cannot be compared with the outcome of a patient with severe CAD and carotid disease undergoing either surgical or hybrid strategy. The primary end point (death, stroke, MI) of about 10% for hybrid CAS-CABG performed in a minority of patients (n=68) \[[@b36-medscimonit-17-8-ra191]\] remains in contrast with emerging data from other high-volume centers \[[@b25-medscimonit-17-8-ra191],[@b27-medscimonit-17-8-ra191]--[@b29-medscimonit-17-8-ra191]\].

Conclusions
===========

A single ideal revascularization strategy for patients with coexisting severe carotid and coronary artery disease is unlikely to exist, and an individualized approach is mandatory, but this is ill-defined. The emerging CAS-CABG strategy may be a viable alternative to CEA-CABG, particularly if performed by experienced surgeons in high-volume centers. Single- center results of simultaneous 1-stage CAS-CABG are promising (both for cardiac and neurological complications), but more data and larger patient series are needed before widespread use of this strategy is possible.
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![An example of the patient with critical RICA stenosis before and after successful CAS procedure in a patient after left hemisphere stroke (occluded LICA) accepted for staged CAS -- CABG strategy.](medscimonit-17-8-RA191-g001){#f1-medscimonit-17-8-ra191}

![Coronary angiogram of the same patient (CCS class II angina), a critical stenosis of the left main coronary artery (LMCA) and occlusion of the right coronary artery (RCA).](medscimonit-17-8-RA191-g002){#f2-medscimonit-17-8-ra191}

![An example of a coronary unstable patient with multivessel coronary artery disease and recurrent TIAs. An electrocardiogram performed during CAS. CAS was immedaitelly followed by CABG.](medscimonit-17-8-RA191-g003){#f3-medscimonit-17-8-ra191}

![Coronary angiogram of the same patient: a critical stenosis of proximal left anterior descending artery (LAD) and stenosis of second marginal branch (Mg). RCA was without significant stenosis after PCI performed 7 years before.](medscimonit-17-8-RA191-g004){#f4-medscimonit-17-8-ra191}

![(**A**) Subtotal LICA stenosis of the same coronary unstable patient (recent amaurosis fugax of the left eye), (**B**) CAS performed with usage of proximal NPD (flow reversal), (**C**) final result after stent implantation.](medscimonit-17-8-RA191-g005){#f5-medscimonit-17-8-ra191}

![The patient was operated off pump, a total arterial revascularization (TAMR) was performed: LIMA-LAD, Radial Artery (RA): Y-anastomosis.](medscimonit-17-8-RA191-g006){#f6-medscimonit-17-8-ra191}

###### 

Combined outcome of simultaneous CAS-CABG.

                                                   No. of pts   Study years   Any stroke   MI   Death   TIA   Cumulative
  ------------------------------------------------ ------------ ------------- ------------ ---- ------- ----- ------------
  SHARP study[@b25-medscimonit-17-8-ra191]         101          2006--07      2            0    2       1     4 (4.0%)
  Velissaris et al.[@b27-medscimonit-17-8-ra191]   70           2003--08      1            0    0       1     1 (1.4%)
  Guerra et al.[@b29-medscimonit-17-8-ra191]       23           2007--08      0            0    1       0     1 (4.3%)
  Palombo et al.[@b28-medscimonit-17-8-ra191]      22           2005--08      1            0    0       1     1 (4.5%)
  Overall                                          216                        4            0    3       3     7 (3.2%)

###### 

Our initial experience of simultaneous/staged CAS-CABG.

                                                                Two staged CAS-CABG (13 pts)       Simultaneous hybrid CAS-CABG (8 pts)
  ------------------------------------------------------------- ---------------------------------- --------------------------------------
  Age                                                           66.7±6.6, min. 56, max. 74 years   70.5±4.4, min. 62, max. 77 years
  Male gender                                                   9 (70%)                            6 (75%)
  CCS IV                                                        2 (15%)                            4 (50%)
  Symptomatic stenosis (stroke/TIA)                             10 (77%)                           5 (62%)
  Ejection fraction                                             60±4.2%                            53±7.1%
  Left main stenosis                                            5 (38%)                            2 (25%)
  3 vessel CAD                                                  10 (77%)                           6 (75%)
  Mean ICA stenosis                                             83 ±10% min. 60%, max. 90%         85±15% min. 60%, max. 99%
  Proximal NPDs                                                 6 (46%)                            5 (62%)
  Closed cell stent                                             10 (77%)                           5 (62%)
  euroSCORE                                                     4.7 (±1.1) min. 3, max. 6          5.3 (±0.5) min. 5, max. 6
  OPCAB                                                         2 (15%)                            3 (37.5%)
  TAMR[\*](#tfn1-medscimonit-17-8-ra191){ref-type="table-fn"}   4 (30%)                            6 (75%)

TAMR -- total arterial myocardial revascularization.
